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(57) [H^] 

'V hi*(=«lp$«-f ^ilXP^;; htt±iaw#s 




^2 

IS2 



I 

V 

X 
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000-17481 9 



«>it^<»^«g/^^':' h^^tJl o(DXI*#^i^XP«y h 

-Sf-fb-r -5 3: > 3 — -Sf o r » 
^i' P'j/'^i:, 

m^m/^^v h*<^JS**l.s^=^gt^±lBmsSxp•y 
ffi^ t iia«B* 41 -f 5 > y m« t ^-^ttrnjutm i ©x > =3 

|it\5'-l'Aff^^*^-r.5^i?:i-Pm*'i7>* ifztz 

[il««43 ±IB^Pv^?«*<»S58;iS{*2. 25 n 
MHz <fct£L. nliSSS) rfc-51i*:S3<DX>=i-- 

•Cfey* nlil 2, ml*6S5 36T?feSaijSt3S4<Dx 

■e&y* nlil 6> ml*6 5 53 6-C&S||;SE;]l4«>X 
m *^~" 

[li^:® 8 ] ±IBX p h ■ 4>*lc:M;?. P h A<± 

^#S^Mf::*x.fcii*:W 1 <Dx>=i— 4i*„ 

1 CDX > 3 --4? , 
[IS*«1o] ±BeXPty bA<«rS!E«XP^/ h-efeS 



1 1 3 -hsfiRT^ftX P K*, ^ 1? 7^—51 ^ 
■^fcXP-yht, 417*— 4l|=:J;oT^M$^^.5¥— 
4'^•^trXP•y ht^*K.5ii*Jli oa)xv=3-4r<. 
[it*:^i 2] ji^i-x— * ■ XP'v hA«. »p'5t-T- 
41 ■ XP-y H::fe(t.S^i4fir-'SilcJ;o-C|B3iS^;h.Sf= 
— ^i^-S^fc-T— it • xp-y hlz^n-t^^^M-i 1 (Dx 

3] jiiH>4i-T~4i ■ xR-y hi*. ±mm 

tM*^l 4 3 ilBW^Sxa^y hit. "f-^^m 

[it*Sl 53 l::J:§x>a-4f$^t?SD 
T I *>Xt-A« 

■t^f—ii^-^ti^^j^i:. =&XP-y hd^^XP-y btz 
M-rsxp-y h • ^^v^*lkxS^ -DOif—^ • /W'v 
*r-5«a<0XR»y Kt^^fcT-^i • :?R»y^?**7t 

V-XA^6,aJ1ff$gK)^^'^rlc^iS|-r•S=&SP^^^^5^. ±aH 
y— X3b^e>(»'^t^^05femigp^3'^•^t^*lacD/■«^^/ h^-^ 
*r®*0©XP'y H**f=S2^4i-<A^=fc-&*f^. ±IBV-- 
XA^SOlf^W^^/^^r-y ocDXft'S-^J^X 
P>y hIi^fcSiS/'?^-y K»±|3**4i-f juicjt^f -S^i 
£ >'?*^S46S4t'f £ >yitffi*%$t:±sBi^i;4' ;b 
S -rrj -- 4f 1? S. o T. 

•i? P -y '5' ^: s 

»*p4i -f Aiz«oWis^-r s^ifet, 

±IB4'P-y^<D4«-f A^±SB^«i/<^'y hCl!)±S4ir'f S 
J:|B-'^'^'y h<©JiE^i'1' £>r5^1f®A^±IB^'P'y^?®4« 

[It*:^ 1 7 3 JtlB-Ji -f 5 ^^^''rnmit.. Iltv^i -f 5 :/ 
=1— 5f, 

1 8 3 ±IB^' P -y ^? t±. -i? R -y •> «-^^g!t 

^tztbOiAtst. te^7P*y47ll#^*'t7>l-Llg'>P'y 

-rS^vo-Pn^-ly^iti:, M^iJiP n*'l»>5i|CJ; 

oT±^$^^^f^^i![^^•iiJ$^^fc^?P•y-i?«#^:^3'^?> h 
UiUlvii-f Affilg^^^t-^^Ey^Rm*':?^'^! Cfcf£ 

7 <1D"T=3 — 

i^i^m 1 9 3 ±m<^ p 4? ®#a)^isjsiti* 2.25 
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z-efey, nl*1 2, ml46 5 5 3 e-Cfe-SS:*:®! 9 
zT?fey. n(*1 6, ml*6 5 5 3 6-Cfc§lt*^i1 9 

C»^:^2 3] ±W^m^^m\tF I FO/^y:?^^^ 
[BI*33I24] MPEG-2 T S/«^r>j/ S D T 

Ifflf -SXP-y h • '^^j^lkU'r—^ ■ i^T^J h^-^fS 
^!te< i:* 1 ^(TJXP'^ Vt^-^tif—^ ■ :^fP'y'5'$- 

oor?— K(=<fcor«$4t§Sl*:S2 6®^-sto 

2 8 ] ±iBX P -y h - 's ^(4, ±15/%°-^- -y 

[g^*«2 9] JiSaxPrv h • '^v^Ms.. f^^V h - 
^ -< :^^^'r¥-5! 2 5 (nm^o 

^«2 9a>«#o 

X7— SIjEt-^' ^■^tsft^Eis^-^Thtf—'^l^'^l^icih 



C^*:^3 3] ^XP-v hiSf^xv— ITjEt*— ^St^^t- 

m^«3 2<©«-^o 

[it*:^34] ^^fp^y-J'Wxa'v hi*. 

2 5 <j><m%^ 

[|f^W3 6 J ±l2XP'y h-l*W^:gXP-J' hTJfe^ 
^3^*3 5 COM'^. 

iVkim. 3 7 ] ±iBRri^ftx p 'y h I*, $ 7^-- s ^ 

[11*^13 8] y$«7*~-$t • xp<y hli> iSjt^ix- 
5f ■ XP»v KI=$fetT-ri>sl*?i3 7 0>1S#„ 
[|i*^3 93 ±lBpt5'ir-'S» ■ XPv h(*. ±iBS 

^•^t?»*^ 3 8 <t>im%^ 

4 0 ) ±® rTSESX p <y h Ii. t'-^' 

SDT I I=:«£a%©T?fe«ll*«2 soam^o 
tiil3R?S42l ±SB/<^r-y H*, MPEG-2 TS 

/^y-y hXttATivuzyE'XJi-O^t— h - ha 
[o o o 1 3 

[O O O 2] 

[«e*COft« #'Jx.iSMPEQ-2 TS (h^VX/K 
— h • X h U— A) /^-tr-y ha>J; 5 h-fbLfcit 

Sttr(.\$„ MPEG-2 TS/t^'V h$D VBl^l^ 

^isjij-f O'^'^x— X (AS I) ^■ffLxmmt?>z.t 

It, ■a^TJfeSo DVB-AS 1 It, h^>X!i^— 

h ■ X hg-A^*iii©#^:aa®rBi«cfc9JEE2^Kir 

[OOO 3] 

immnmaiL^'itr^tmm} ^mm(ommtts dv 
mISSS ^istt-r s i a& « » 
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[O O O 4] 

MPEQ-2 T S/<*rv ht:SDT \ i^T.f-M.^ 

n'&ifi&^o SDT I (S'Ut;1' ■ -T—^i - h'SvxTK 

— h ■ -f X) SM P T E 3 O 5MlC||g 

*:h.rt^.5<, SDT I [is T-u-ei^a v^asi (^-f 

IS) 'y-i^mmmiz^^, sdtii*. Ts/«^«^h* 

SD I |S^j!itfieffl-e#§^z|z-st,M5c:i:AtT?#Sfc 
T3i-5l::l*. /^<r-v hS«t|gl=sDT R—KH 
IBM) A^ig^Sl^^t^o 'J><?'ja@-C'/^<r'y 

P E G-r ^-^i'l-^tS&LTiffi^lca^-C^Si 5 1:: L!tC 
[O O O 5] ±i*'ei*» M PEG-2 TS/^■^^'vh^ 

SDT I ^^^Lrll^t■r■5«^l=*^0J?El^EM■r5^^«? 

[0O0 6] *^B^Id:. •ffea)S(3^t\T, ^ir^P 

p V h*<iSXP*y Kicp-T'SXP'y oco 
5f/«'trv Si!?"*C< 4:4.1 OOXP'y hi:* 

^t?'x-^':?p>y^'*m^STf'i?^«^i'fi#-c?feoT, ± 
is-T-5!/<^v hi*§St^v-x*\e.fiow^0;^>5rfc^!^ 

f ««-S|5»^#^> ±|BV-XANtofl5lf®<7>5feMg|!^J-^ 

'fA&t'^a^. ±I2V-XA^&(D1S^C0^^/^^'V 

o<DXf*=S-^l§IXP-y hl*SfcSM/<^'y hCDii 
IBttili^t i^lzJe^f-S f 5 V'J^^^A^ S 41 -< 5 > y W 

[0 0 0 7] *^E^I*, MI-1S«>®l::33l->r, ^i?— 5? 
:?P>y'?i6«^:?P'y'J?lcMf-5-x— S!S#fc-^-yiS2"*t. 
#XP'y hA<^XP-v Hcp-rSXP'i/ h'-^*y5*'^it>:i 
■o<0^—^f%*r'y h**-rSd>35:< fc^i 1 owxp-y h 



l=^«S-r§#llE^^*^^. ±Sav~xAv&©1*«<»5feli 

SP»^'Bt?a*OCD/^^r-y h^^t?e*DO)XP'y h(**fc 
*?p-S'-t'A*t,^i^. ±ev-XA%P,<0'tt$Sfl>«!!i/^y 
>y h^^tji oa)XI*#^^XP-y hl**fc^^i'^y^y 

[0 0 0 8] •toxvn— (^iJ^^S) 
P-y^?A^&±IBII*pa>/^y«y h(0±^^«-<A* 

a^^f-f A'ttfii^#t$&u, -hiB<?p•>^?!^»^&-hl5^^/^ 

L-C. ±SB^<!iS/<^rv KA«±fi!S$*iSI=«fl^-fciBSfe«Sx 

[0 0 0 9] -^if-nrnt. MJcSiKOBlcfet^T. #7*— 
3f n 3!)<gE:?P ^7 (rii-r « iP- 5r ^-^t;/^ ^ fc, 
=S-XP'y hA^^XP'V himf ■SXP-y h'^-y^S.l^l 

ifelidi>f A**^i^s ±iBV-Xj!»\t>fl>1tlR©Sfe!i6/<^ 
[0 0 1 O] -f-roT^n— ^i*!*. ■i'P-y^?^, ±IB/<'y':' 

[0011] ^g-^l»3r=±BBat^'5>/fiffg^#^^:I^: 

L<tt^*$:;Hfc/<y>y K^tti:^j-r^-i:*^t?#, IJiJx. 
/■{^r-y hA<M PEG-2 T S/^'^r h<©*g-&, ^ 

^S^OO/^^r-v h«>St|i^t>rAicS^$;h.fcl^gi55'P>y 
^fttbSL^ -^Pryi^CO^t-rAt/^^r-y ^©"St-fAj&t- 
[0 0 12] *^BJO--Si6»iJ-5fl±. ±.fE:?R'>OI*. 
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i^T-&^o SOT \{zmm^^^^mBM(o-mMMmx^ 

It. SOT \ ^>f >*lz, CM 
[001 3] SDT I fc®ffl;^tt'5*SI9^a)ft<O^SIfl^ 

cfc-:>r®5&**L4T--5r ^#tri=--'5« T L D :?P 
[O O 1 4] 

m 1 mmmm i sot x-ts 

^fS*D(r. SDT! (SMPT E3 O 5M) ^^n^LT 
MP EG~2 h^VX/K— h - X h U— A (T S) 

'V h^Jl^fci6(7)irUL^M-^3?;?l~^*v hcom (OHM 

[0 0 15] HI (i. SDT I ^-f X^-^-f P"-K$IiS 
0)^x61111? feSo gl2<7)a — cfis MPEG-2 TS 

— -^^y hT?JaHi$tu5o MPEG-2 TSSlIKSDT 

h$:^BJffl*"efisD T I - T si 1^9 

G)^^>*^^fflLTl^«o SDT I 

#«ISIF^1PI*, ^8S^-l'>Mffirt<DT^'"diiDV"XS0^ 
fr5fe.CDT KUX^^t?4Sliix-5«^=frf *^P^a>m 

^mymm•^\t. «igti^*j:<^sfcft. sdt i - 

h(*. SDT I "^TS-xa— ^^tC*5l^T«l^^? 



too T 6] ^mxm 

1) SMPTE305M, Serial Data T 
ransport fnterface (SDT)). 

2) SMPTE — RP68, Def \ n \ t ion o 
f Vertical Interval Switch 
J n g Point. 

3) \ SO/ IEC13818-2: Informat 
ion Technology— Generic Co 
ding of Moving Pictures a 
nd Associated Audio Infer 
nnation:Video, (MPEG— 2). 

4) 1 SO/ IEC13818 — 2: Informat 
Ion Technology— Generic Co 
ding of Moving Pictures a 
nd Associated Audio Infor 
mat i on :Systems, (MPEG— 2) . 

5) D VB ; I n t e r f a c e s for CATV 
/SMATV Headends and S 1 m i I 
ar Professional Equipmen 
t;Asynchronous Serial int 
erfaoe (A SI). 

6) SMPTE259M, 10-blt 4:2:2 
Component and 4fsc NTSC G 
omposite Digital Signals/ 
Serial Interface. 

7) SMPTE291M, Ancillary Dat 
a Packet and Space Format 
ting. 

[0 0 17] 

MPEG-2 h^>X7K— H ■ XH'J~A <TS) /^^ 
VB-ASI-^fe-So LA-'L. AS I lis 10^y^< 

AS 1 1*. mm<t)m'&m^<nm<f>m(.n.'2.im ctK 
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?^L-Cs :^mMmmit. DVB~AS \ Atl^S 
[0 0 1 9] SD T I /^^Jt— ^ 

SMPTE3 0 5MI*. S D T I <D t* h U— h$ 2 7 

0Mb p sS:i;3 6 OMb p s i:ISSLTl\§;6<. *^ 

u-h-ei*ssr^#So *i^«BST*3^^ssDT i - ts 
omxit^ SDT I <7)^^>Sfcy 1 ;^^p^>'>€0@^:^^ 

OZf:t—^Vh^mMZ^'tc Z<r>'Jnv<?{ts 143 

aE(Ocfc5 3&i oe^hsDTi^T'^::^ - r7~~K$^^ti\ 

4 0X(±1 9 2 0/<-< httt-So 
[0020] ^^::f > ry-K 
SDT I T'~-^?:?p^y'?(4. 1 -^o^^p^vi? • -Sz-f - 

9— K^^f'&o 270Mbps<^SDT I a>it'&, ^* 
roi hj X^^c 36OMbps0SDT I OM-^. 
ro 9 h J "CfeSo 

[002 1 ] S D T I -x— * ^^-J ' "J— Kf*. 

hi*. 1 o tf^:/ hr?— Ko^t^coe-^ hb 

7 ~b OOffilzA^a e*:/ K-x— ^t-trfc^o lOlf^^h 
r?^ KCDd t>CDfc:^:/ hb 8lie*v Kb 7~b 0(Dffl^/^ 

UT-^r^fey. e^v hb 9i*e^;/ hb 8(?>Mgft'T!&§. 
[0 0 2 2] «jSa)FEC (:7 7J— a-K-x^-^n 

P - ^AZf ' 9— K<7) If ^> h b 7 2S.t/ b 6 I*. S M 
PT E3 0 5Mf::t^-:)T^5fe^S„ ^^^COiZOOWTf 
tt. SMPT E3 0 5MCD-X— 5iffl5ia)ffifi:f*ffll^55: 
l^o SMPT E-RP 1 6 8lr^Sf 5J:5>Ei:SD I X 

[O O 2 3] MP EG -2 h^VXyK—h ■ XhU— A 
g2<Z)afC^-r<kdf3, MPEQ~2 TS (h7>X 



7K-h - XhU-A) /^'^r^y hi*. ft$:6^l 8 8/U h 

TS FECI*. i^^V V(r>m\Z^ 1^^^i—^t:i(\^X^ 
y. SirS*t«A^=t«q3h./d:ue3lx^-{ZcfeSS:*:3S:^ 

DT I A«ffl^6*|3S:x^-S:^i:SnIt61±f±fe«A<. MP 

eq™»ts0fec(*. ^^co-f >5e y— :?<?>s^?0fcto 

SDT I COIIiEfcf*:T^ii^'t?fcy. i§6&H«/^<r 

hA<fcofcl 8 S/^-Y h(;>:E$<DJt'a'. C<DFEC{* 

SDT I "-TS:7:r-'=^*y hi*. ffiMlzStRTJl^S F E 
CS-^^^. SDT I y :^^?rc^D5^&^^,*a^^)B:l^x=7— 
^fTiE■r§c^:3l::LTl^^o 
[O O 2 4] P— K • :7^— h 
*S£Pja>mi MP EG- 2 TS/^^ 

hi*. TS^-f P—K < h(Dcf3<DSDT 1 

^E3^#KSLTlSi5^f^o H^LfcTS'^^P-K ^ 
■7=*-- -^^y hi*. lil3lz::^'rcfc5fc2Ji3|iit^^-r«»o 

p- Ki*. P-- K - 

y-~»^^^^§T S^-f P— K ■ ^^Vi^'**:. MPEG- 
2 TBi^'TV h^-€'C^>*IC#fc"-^iSa>T SXP*:/ h 

irS'^^'fS. =frTSXP>vhl*. SXP^y hl^(DTS/^ 
hlcg|'t-S/'?^j!^— ^^^fe-SXP^:/ h ' ^v¥^ 
ctil^TS/^^^:/ hii*A<s^#. 6/Wha>fiES 
<7>SDTia>RS-F EC-e$l4:>oTi^-5o 

[0O2 5] TS^^P-Kjjjg 

T s^-f p— K0S D T 1 ^2^::^^— K(*. gilCDSiiJ 
(c^Lfc5«-f:;^'7— K^fe^o XP>yh-:^^>h. ^ 

hfii^r^S4lc:^f o 

[0 0 2 6] T S^>f P— Kg>XP h ■ :bO> h 
XP^^' h • hl*< ZCD^-f P— F " ^•Y>i:ifcMt 

STSXP^:y hC0^^^i&^8 h<7)9— KTfeSo 
Tsxp*:/ h<7>Skf*. Ta>ffiA<n?. ±a><tt*-^^ p- 

KtDft^?t:**So 2 7 0Mb p s<^SDT ! Oif-^. 
T SXP 'V hCDe:;*^:S^(*6-efc'So 3 6 0MbpsCf>S 
DTICOii^. T SXP-:/ h<;?«:;^^l*8-?:^feS, SD 

T f (0U-h;6<SL^fi. ^-f P-K«MfcJ;y^<fl!>T 

£oo2 7] %mm^<r>mMwmx\t.. «^<^>ts^ 

H'p— K " XP^V htSDT I "-CRCi:<7>P^1CD^— 5r 

X'-^-xr*. ^^^i:flfea)@«^*ffi^lc^,^g^$;t^^^:tv 

^-fp- K • XP^:; h ' hcDffiM£l>li. 
[0 0 2 8] TS^-f P— KC0^-V>4>^b-/\>K;t> 
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0 00 hj ciss-rs*^. «!la>^it^2l^'T?*«tl^o 

CCD mmt}0i^hji its mcsDT \ <r>v-7.tfi% 
p™™ K < >Sfz 1 oT-^-^ U / > hf 

to 0 3.0] TSXP-y h^jt 

^-TSXP^V hi±2 1 6 9— K<7)Ji*^W 

(c:5l®LTJillfciH?iJ^n«^o 1 oa>T sxp hi*. 

2 9— KS<7>TSXPy h - 2. 25MHz-e 

SlJB#^*L^2 9"Kft<7>ffi[t>*l7>h«. 2. 2 5MH 



2 TS-FECOfcaftCOl 6/<-f hOX-^— X. ffS 
(7>SDT J RS-F EC<7>fcd6<D6/^-f hOJX^— 
X. 2/<<Y (ifP) ^— ^ZX-^— Xo 

[0 0 3 11 TSXP-:; h ' 

if3*^*:S«>*p b 7(*SDT I -FEC*<tgSJl-es5:lt 
>tf* roj t^fey. SDT I - F ECA^i8ifi3&&ii. 
rij -t^fc^o tf^y hb 6~b 31*. ^UrfcSt(D<D 

So 3K^<DTSXP*> hrta>TS/^<r*v h3b«StlCDTS/^ 

b= rij ) I*, zL^t^mi^i-^y si^^v 

[00323 V-b ^:JkXShO\t.. 3>t(7)ck5ttTS/^ 



b 1 

o 
o 
1 
1 



b 2 
O 

1 
o 
1 



f1 6/^-< hFECa>&'S2 0 4/<-f hTS/'?^*V h 



[0 0 3 3] TSXPy WUtiO> h 
ffi^r'j?^ hfiifi. SDT I -TS^-^fb^HSI"fcS. 2. 
2 5MH z-<?SljB#^F^L-S^S?:iP6 5536A^>iZ3&^ 

ZLOmi''^^ ZXfit. ^^C09— Ka>s 2, 2 5MHz 

p-jf^A • p • u:7T u>x (PGR) fcjat\S 
z t!fFS6f ^ P C R^^ p ^7 i: C^X$i— p *y 

[0034] 2. 2 5MH z *^>^t[±s PCR<D27 

MHz<omMtmmir4>&wittsiiK 2. 2 5mhz* 

MH z±l^>$iCDjlffli*. ^3 O 5 ';?>T-fe'5o 2. 2 
5MHz:fe'>>4tf*. PCR01 2-f >^>g/>hSf:i 

[O O 3 5 J T SXP-;/ h ■ -^Zft^^^ h 
270Mbps<Z>SDTI CDlg-&, ^1^:^0> hl*2 7 
MHz<;Pry</ (PCRtPDU— h-efei>> iZjcoT 
^JBt^ti. 0--1 1 CD©SllC3htcoT:^'l?> h^?*t«o 



360Mbpsa>SDTI (D:ig-&. -t^■?*^> hi* 3 6 
MHz^7P>>^ (PCRJ: UBl^U'— h-TFfeS) (Ccfco 
Xnm^ils 0-1 5a>^HIzt>f::oT:b^?> h*3h. 

<&o -y-::f:;^>i?>hflilcl3gfflRri6*tf*v hSSl*. sd i 9 
"rSt^-Trfc^o TSXP hCD:^j^> h$'^^<7>J:3fc 

[0 0 3 6] T S/^^-V h ' 

T S/^"y>> hG>fctoCD2 0 4/W hCDX'^— XI*. 

TSXP^y h • 9— K«)tf^y hb 1 JfctJ^bOtD 

gi6§<hC^|r:tSor 1 8 8/U hXI*2 O 4/^ hO 

/^^'V hCDii-a-iStt/imiJT S - F £0^*0204/^ 
^ hOT S/<^'V ha^if-a-. 1 hOOT S-F EC 

X ^— X (*^^ P t?ai6 ^ ;tt ^ o 
[0 0 3 7] TSXP-yhRS-FEC 
Z<7)F ECl*. h - 9— KA^&a^(DF EC9 

— K^T?2 1 4/^-f hoTBxnv hizt>ti^xmmt^ 

H-So TSXP*:/ h ■ -^^^52* - 9— KF EC:#g?iB>v h 
(b7) tfi roj (ziga^JtX'&ii'&. C0>FEC<D69 

— Kl4f'<T roohj lzm^^*lh^ RS-FEC 
{*. 7U<DRS Cy—KVP^» (2 5 5, 2 49, T 
==3) Zi— KA^&^$4%fcRS (2 1 4, 208, T 
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^3) =l--K"efeSo [0 0 3 8] C<DRSzi-~K<DSj^^?IS;fi. 

RS (x> ^ (xSa'* ) , (x©a> ) . ix®a' ) . Cx®a* ) . 

ftfzL. altiJi^rWGF ( 2 5 6 ) M^SS;J:*)^a^n^ So 
GF <x) ©X* ex* ei 



[0 0 3 9] T sxp>y h " -j-yb - x^— X 
x-e*i+>*e 

[O O 4 O] TSXP-y h ■ -jg-^S ><f ■ ^ CO"}^^ 
SSli^ MP EG- 2 TSy^^^y hX K AA:**^ 

DT I -TSCO^S-^-ftifiS^^-rSiW^-efe^o TSX 

^fefz, SDT 1 *7"-KU— h (27/36MHz) "Cf^ 
Sdf ^P*9*P*'t?>4'*"ecDTSXP-^ h • httd 

-"4f<D*'!7>hA«TSXP'y h • *i^>4Jt::iB1t$+tfc 
K^^L<^^:^<*:. /'S^ h ^ttl::^? UTT S/<>r 
y hmti'Si^ ^Xf(D^±^^Umir^o 2 7 0Mbp 

-efe^o seOMbpsSDT I (7>iS^. hl*T 

[0 04 1] ux-TJ^mm^mm 

*||JS?gl8T-li. XP^:/ hfJSSfi'^fey. SDT \ ^ 
-f p— K^l^l*^^^cxp>v htD^^^-g-i;. ^-fp-F 
MilEf3fcit^i^1iix-^-X!i. HzP-^tt^ e>;tx^o cd 
■rntf. SDT I ^-f ><Z>5^K3&<itlllcS'>i:35:yi^o 

[O O 4 2] :^XOm\±. 27 0MbpsSDTi-TS 

izMKijCDv&^o 4Mb p scoe^j/ h h-eii. y 

U— A (525/30) Sfcy^l 5 ::^36<MPEG 

p sCOe^;/ hU— h-?!(;l:. (5 2 5/3 O) S 

fcy$?Jl S5^^>*<MPEG-2 TS/^^*:; hOm. 



[0 0 4 3] ^'fmh.Mcm.i&iommvits ^-^vo 

b p ©CDfi«J"elE(::=7-<>^fcyfcofc1 TS/^^>:; 

[O O 4 4] S D T 1 - T S i^XT A<DM 
|I|6iC^ SDT I — TS^^X-f-ACD— 1!^J^:^fp CCD^/ 
X-xAf*. ir"— 'S? V— X 1 ^:ft-rSo -x— ^rV— X1 
(i. li^*|3<DMP EG-2 TS/^^r*:/ h^*jSt"'&15^*P 
(3[>MPEG-2X>Z3 — 5r2^'&t3'o ZL<r>f<^V V-it.^ 
gl 2 CDa - c fz^t' j: 5 3B: F E C-x— tS« 
y. ^S?5:i>:::^%feSa zcDM^^> hi*, mpegx 
^ 31 _ 2 & IE 5S ffi ^ -< 5 > -T? a * $ *t S a> 

PEG-2 TS/^^'>hf±s - "t—^ 

fnSDT I 6|:I^P>^^So SDT I 6 fi^fc. fifeO 

SiCillSo *<7>@643<Dfc«>fC. 1;$::<DSDT I ^-f> 

li. -eo«tt7^-52P*3(cv-x-r Kux3it;iT5fer K 

UX^%L. T KU'X$4^fcV"-X^5^^f>T KUX^tbfc 
ffft-^<7:)ir'™^«CD^^^^i2&"^'So pJdIz&CDJ:-?!-^ MPE 
G~-2 TS/^^V hfiSDT I rt-^jS®B1I^?3h.S<?> 

iELL^^f 5 ><f-T!M P EG-xa— 1 Olritf,*i 

[0045] SDTII*. MPEG-2 TS/^<7"*yh 

^M^i±rll3fr^t"XP h^f^/iK-rSo BP-^. Xp 

p^y-:? - - ■x™^Sf^p!t:<gi3«c^f J:^f":?p 

'V^^fwJPx.So SDT I e/^-^ h<7)FEC. -j" 

^I'X^—XinJ^-rSHfPJiat/SSCDS D T I -CRCS 
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[004 63 myiz7skir^-(^><f^'f~'^mAmm^ 

*^Jlfc'r5 2 7MH z^7P'V^740$*rSo C:<;)^7P 

:^^>4i0l^j^iil8(Z:^fo 27MHz 

^></ . ^4^-t'S^i?:xP 65535±l^> 

2^gliB#;Si±S2. 2 5MH z<7P*J/^7^^^JS;t■ 
-So *'>>4?8oaut8 2l*. SjfeffltfS&So "yyf-^ 

h^T;i.^::^u^7i^' (mux) 4 6iciS«&L. ^js^'T^ 

^>*4 2(i. 6 5 536/(2. 2 5 x 1 ) ?X 

[0 0 4 7] fT5fel::foNt«>**iE!glSStt. «fiJ?Lf*. XP 
*y h - -N*y5f^;g|tbU. (b 2 = 

(DEMUX) S4$*X.'So ^'^iS^'f'^ 
MPEG-TS/^^T'y h^XP-;; h " '^^y^^' 

•^-So z<DF ! V Oi^vVT ^ 6i*. s DT I <7>i ::?^p 

V-X1 T*g«0fc^^^F*ifci:^4:(^i:u— iSiJx,!^ 
270MbpsT!Fi F 0/^> :7r IcglJ^ i A* 

5 1 O0F t F0 8 6^i>urj±i?0^8 S{c3l^i:ft 

Ills ieit^-h[ElgS9 4(Ct,Jt§. Z^^^:/ hA^MfelO)/^ 

^vV^-S^icilt. ^a^:7^i:?^b 2-1 Ic4:y^*-h0 

[0 0 4 83 ^9(C^-r:fc>C'>^ 9 Q<»0ljli. gl8<DS^ 
^•rS* ^'V* 8 02&IK8 2 <t IS^tlZlBS^^HS D T 

I fZcfcoTiglt^ttfc2 7MHz^7P^y'J?*A^>h-*' 
§^i?:3LP 1 2*^>l> 9 2 1 &t/^i?iP 6 5 5 3 6 
:^^>$e 9 4 1 ^M^So SDT I (:IJ::":>Tl£^te>^^fc 
^^P'yi^tt. '^!^«l(7)'¥>yS^T?V-™X(D^7P*v^?4 0^:P 
ffl<t3^nTl^«). :^^?>5^92 1»i;9 4 1ld:. ^a6» 



2i:ffl3St"*p ^'t?^^* 9 2 1 :au:9 4 1 tt. -mis^ 

^;h§i:*^>'5' 8 0S.t;8 2i:|g|<ilc@^L. ;itt& 
[0 0 4 9] itKilS&8 8Id:. 5^^>lx^:/U<?i:^36^ feCD 

- t"— 9 0*>&(0$-Y £>if * 

<^c5i:. ii^msStt. F I FOy^^y:7r 9 6iciELl> 

[0 0 5 01 f^'TV VmS-^^^l^^ ' "T—^Xt.^ 
iS^^-JS^^^B A\Z^-:>X^W^h.. F I FO 8 6 

U^9 6lcet^g*^^'5o z:+t&a>F \ FOtt. S^iS-T^A 

hA<F I FO 9 6*JEoT^'<Dffl*lC^S!l"r § 

^f&T^^^ ^><f " 'f'— FIFO 8 6^ 

m-ox^mvF J FO 9 6<o/^>r^> hi:>i>nspii^*i 

^-rSo df-f 5>-Jf • t'— 5r0&:ag*^F 1 FO 8 6 
*t^o F ! FO B e<Dmi3\zis{f?)^^ ^><f "t"— 

■^;&^F I FO 9 6^wjELt^^^^ 5><f§4;OMjS-r^ 
Sfcs FIFO 8 6CD[±i**^e>$r-<5>y • t'— 

[005 1 ] m 2 mMmm : S D T l - P F 

01-4 fZOl^T. :^0^3l*T? SDT I - TS^t^^it 
nyi70}. SOT KDm^MZ^^yi^ 'V-^X-'^—l^ 

$^i^st<OT?feoyco t(Dm^^y^—'^yh^. so 

T I ^ig^LrMPEG-2 tzv hX hU— A^iSe^ 
^C^lrHSLr^P^L/cp Sfefc, 2^0Ji|ffi«-T?SDT I 
-PFirt^dtdl o<De^:7^— T*;/ h«::ot\-C5l^ 
So Z.<r>y:t—^y ] -PF\ts MPEG~2 

X. /i^vh ' ""^y^^mi^-tZ^tt^Xt^o Z.(D^O 
fj:/i^y hits ATM-iz;uw:^rpi-f h ' -J 

Dh=i;b (Un i-l P) i^&oT^jcbl\c 
[0 0 5 2] hx hU-A0J^ 

— 7— K • - 33 U^^v^g > (F EC) tt=ti 
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TF'V>t-;i'CO$E3^COfri6cr>^A'>t>;U r/\> K;uj 
[0 0 5 3] S D T I /^^y — ^ 

SMPTE3 0 5MI*. If h h A< 2 7 O M b p s 
aiXaeOMb p siDSDT I ^^I^LTfcy. dCOH 
J6JI^SI(i. *<D«l|gOtt«fC«toT 270Mbps 0^ 

t\ JLltm^V hU—V-T^^mt^. SDTf -PF 

I*. HI o\z.^ir^oiz^ SDT I ORr^:?p^>'& - ^ 

b O-b 7a)*icA'S8 tf *y h^-^J^. If^:/hb8(it: 
>y hb O-b TOiSSS/^UT^-fl^Hz^y h**L. t*^hb 

[0054] SDT I ^v¥(r> ^-^U-y^ ' ^^Z^l O 
— K(*. SMPTE3 0 5M|C^S':3fcWl£::^^P^y<7 ' ^ 
-Klz-te^y h$^5o SDT I 7^-51 - :f - 7-K 
1^, X— $r - /^^ *y h ■ iir--^ V h ( P F ) (?) rT^::^ 
p.;/-> - P— K^^^rft ri 1 hj !c-^*y K^^x 
C0||Ji^^^tt. SMPTE3O5M0-T-5iSE3i 

[0 0 5 5] SD T I "y-O'BLXST KUXg^ 

x> K^t?f5^>£^isa)^-Y>^a^r^^<<DT% sdt 
es<oi ocosDT I Rr^3?^p^v<7fcM^g-r§^fii5a>^ 

[0 0 5 6] SDT i 

\t. SM P T E-RP 1 6 8|3g<5^)e>^XTl^'So SMP 
TE-RP1 6 8lZ^to^nfc^-f 

[0 0 5 71 T LD:^n-y<y^^ 

#Rr^:^p^vi'(;>T^— ^r-::^p^y^7'aiJ|tf4. m^ M^w^-t 

r^i6e>nfci mJi(D:^^p^y^?t?iSfc$;txrt^§o tl 



[005 8] ^it^':f^ it. T Loy^^y^px^hH^ 

09^-:fm\ts T LD/^>r^y h<K>-@ (15lJx.liMPEG 
--2TS/^>r>y h> *^X^*T L D ^ 4lir-^« (D-"@«Dl\ 

[0059] T LD/^It'— iSi - ::J^P'yi?^®fif S 
■?-<DiEli«lc#*H«»-?*$fT"-5»li. -^-OSDT I 

. 3jrp^/7 3{jxp,(^^^^j^^ S DT I Rr^:^^P*y 
^ ^m.LX^<DM\^^t>ktxi^(DXs *ItLI^#W^::3^P 

[0 0 6 0] Hi 2f*. *»^©SIJ6BSlwJ;SSDT 

I ^^::3^p^y-J^tTLD^p>y-J;<DPgJl«5t^^"ro Hi 
1 2fz^-rcfcpf::s 'frSDT I rBra£::^P*y^?j <Dir— 
4f:?p*y^?«3SI^:. T L D:^p>y^7i?-roAvyj^fc$+t 

ri^^o SDT 1 ^ir—^J^^V<7j Omt^^. TLD 

:::?'p^v^?ft1s Xf*S^(7)T LD::fp^y^'i:SDT I fx 

Co O 8 1 3 T LDg)^^'^^' 

roohj 09^zfm\t^mi.tj:i\^ roi hj 

ro F h J ^i:?CO®ffli:*9<7>^'f -ll/ffifi. TLD^t^z-x- 

5? • :^^p^yi7Sltj^rj-r§cDlcsiN^tt^o ri o h j 
a>S*:«r^4 e-y K(;?^$ffltvrT LD/^^r-; h^f^":::^ 

[006 2] roFhj cfcy:*:^3ti:fii^to5?-f 

Kfl!>s/>*a!i4e'y h(*s ^Rotfcy tffeSo e^y h b 

3(*. T LDt'— 5z^igE<Dx> Klzfclt^FECa)^^ 
^ISI»J*r'&<?>l::ffll^e>tt^o b3= Tij tj:^\t^ FE 

[0 0 6 33 tf^y h b 1 StXb 0I±. O'-S^ffiHWCD 

mm= r2j fji^its r Lo'f—^mm^^^j \^\z^zL 
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To J tf&l*. T LD-x-dr^iSO^-:; 
[O O 6 4l T LOCDM^ 

roohj ^ rpEhj <D^Bl*3fcfeH«. ^■<3^>J&*tt 

hA< roooh-FFFEhj a>mm(D^^i,^m^^ 
^ib3/W h0«*l::«i:So Tp f F F hj C02/<-f h 

[0 0 6 5] T L,D^nv<; 

[0 0 6 6] -x-^/^^^V hl±. 3te<Dmj£®5><fcyi?£ 

So 

(1)ft$3&^0, 2, 4XI*6/W h<»:x-if • X- 
(3) 6/^-< hfi<7)i;— Kvp^> - - X 

- zH/^^i^a^ (RS-FEC) o 
[0 0 6 7] ZKOT \-D/i^v K^^l 3 1:::^-^., m.'h 
mmt^m^. roj {C-iz>y h;^4xfc40(DLSB^%0 

Co O 6 8] if - T^— 

(Z>iL— if - t'— 5e?gjgEO^iife/)<feS2/U ha>^><7y 
^>h-t!:£ii**tSo :i"-1f • -T^-^^ffiilE^*.*!*. « 

[O O 6 9] h * ^><f ' iJ'y>9 

'^^^^t^m/ScL. :*:/J>*'l7>KC?— Klcj;oT*^:Sa& 



^^olz^/i'r-j h<Dmt^^(D^-f ^>^^^isb^t,o 
tffeSo zcDz-S^^^ h - ^i-^ • SO 

[0 07 1] f\^t^^> h 

/Jx^b'^^v hi*. Maitfc^ilTSrxp^v h ■ 'y-:3r:b'i/> h 

I*, SDT I >>P^>i^lCctoTSy»*i±e>n'5 

•7--KcDif he o-c 7 1*. h1S^fz#:h;ix 
So tf^:/hc0l*. /hr^^f^ hte©S/h^^if h-^ffc 

So 

[0072] 270MbpsSDTI Oif^^ /hA't?> 
hflif*. 27MHz-5^P^>^7 (eittliv MP EG- 2 
TS PCR^l^i:u— h^fcSo ) 
P>*U. 0--1 1 (D|gH["t>fcoT^J^> hL2. 25M 
H z>7P*i/-^S^^f^S*'^'>5?*^t>*S^^ttSo 36 
OMbpsSDT I COif-^. /J^:^ ^ > hffil*s 3 6 M H 
z^7P*>^? (Z^Vf*. MPEG-2 TS PCR^fcy 
«l\U"-h-efeSp ) (c:J:-3rSij^*i±64x. O-l 5 
<^>ieHf-t)fcor*^> hL2. 2 5MH z^? P^yi^S 

(cffifflRTtgJSrif^y hSfcttv s D T l 9- K - -J? p ^7<7> 
h^5 7 6MH z^T?W*gt-f S4»<»1?feSo 
[0 0 7 3] h 

:^:^^>hli. fuJ$LfcJfI:^^> hlcS^JJ^-rs^^^-efc 

So 1 6 h(7>X*^> h ' Kl*. 2. 2 5MH 
z^7P^5?|Cj;or*jB#$i*&*tS^~- K6 5 5 3 6* 

^>5i3bN6.if^33^U>^f$^fc1S7^feSo :#c:^3^>hffi 

I*. »::t3'^> httCOL S BTb^^MS B^-e^^-^ftt". 
01 3l::;^-r<*:5?Se*>' he O'-c 1 5 *Tfili?£;^;h.So 
CO O 7 4] RS-FEC 

RS-FECI*. iglte>;KTl^Sii^i::. TLD^z-f:/ 
r?— K35^^ft^<^)RS - F ECr?— F*T?<7)^T L 

^TM*. x^^lTIEfiU— KVP^VRS (L, L- 
6, T = 3) i:LT^S*^Sc L<2 5 5CDJi-&. R 
F ECi*7C<»RS (255, 249, T = 3) — 

[0 0 7 5] RSP— K<D±jS#33|S£tt^ 
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RS (x) = (xea" ) . (xea» ) , (x®a' ) . Cx®a' ) . 
GP <x> -^x« ©X* ex* ©x^ ©1 



[0 0 7 6] X>zi™^rf^3O<0X^ — ^fliEt" ^tl:^j 

je L r 3S y <;>x ^ -It mtt^ ^ s c t ^®^T- 1 

D «^ I c 0 ^Islffi -tJ * t fe § c <?: ir liS * ^txfc 
U\ Lfzt<'0X^ 2 5 3 cfcy^C^l^T LDft^flKi. R 

tv 

to o 7 7] T LD^yp-:;-:?^^^ 

:afct\ :i(D+^*f::*£:*:*nfcK-L-v (key, i 
ength, value) ^jttt. ^tj: ^^^WiO :^ ^ 

[0 0 7 8] J^^'f—^O^m 

^ffls^^^^^M- roi hj 

><7 y > hf S 1 6 h(30^i:^a.P 6 5 5 3 6 fit-?? 
MS Bi^2»a(7)/<'< h<7>tf K b 7fc:fcSo 

10 0 7 9] - /\> K;u 

^S5f-f •::^flt-= ro2 hj 
ft^-2/^-r h 



feSii^. -tfpfc-iz^y h$*tS<. 2JSiJia>^'\'>;^;U0> 
z^^':/ h ^ X hU— AA^SDT I -"PFRr&3^P>:/'J?± 

ir^Sft^ti^^^i^. ^T^>:t-;K3*^-r^XP^y h ' 

^UO?iai*. 6 55 3 5fCflJIiB3?*t«, SDTl-PFW 

& <D *j a> -5 <t # :^ b ^ o 
[0 0 8 0] X hU -ixaS-f >T^^ 

^^t>-r^fil= ro3 hj 

ttSo e^:/ hb 2'-b 014. h • X hU-~Art(7) 

0-=X h ^J—AF^CDT LD/^^-y h1&B(*5^STfc-So 

1 =T LD3fP>>^7fi, X hU—A - x^— h - /t^^y 
hl^ftfff S/^^^v h (#j:^fi. p— /t/ • 

2 = TLD:?P*y^7(±. X hU— A<D®^£0<?>/^-^r'i; ht? 

3 = TLD:7n^:;i7li:. X h A - Xr?— h^X h U 

X h*J-A w^^^V h*^t?o 

[0081] 4-TLD':::i^P>yi7(4. XhU— A<7)S$I 
z^^*:/ hT^fc^X hU-A " x> K - /^>r>v 
5 = T LD:S^P^><7li:. X h «J— A ' x> K • /^y^y h 
lzg|</^^«yK (#iJ:^fi. sl^X ha— - /^^r->/ h) T 
fc^X hU-A - -T— JL- ^ h^-g^feo 
6=^TLD:;i^P'yi7(4. ft^F 1 cox h U— A^:^f X h 
g-A - X$— h • i<^ v haiKx hU-A • x> K - 

7 =«LrfeSA<*^a-t?fe§o 

e'yhb7-b3(*, ?^LTfeSA<*Sr*fcSo 
to O 8 2 J T L D/-^»-> h<7>^^ 

MP EG- 2 hv>X/K" h - X h A 

4?^::^«=- r8 x hj 

:g$-3tea^FEC<D#ftaT;^r-f ::^3£t/fC:i--9*. * 
> har; F E C CO8i^M»0#«fC J: oT^ft-r «P 
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MP EG- 2 h5>X/1^— h ■ hU— A <MPEG- 
2 TS)/^^'>h[*> 1 8 B/^H' K<7>«*lF&-5o 37 

— ^7— K ' " rj UC? (FEC) t><1m^^ 

^^ts hSf*D VBX^^:/ix3><D^'&'2 0 4 

/^>r AT scxs :/i>a >cDii-&2 O 8/<-f hic 
Mtnf^o MPEG-2 TS FECtt. /^^'V 

«P Jtf X -x A I Z J: S ^ Sa> -x— P X ^ iS' ^ L 

fctco^fc^o SDT ! [±ffla£fl*rxv-* 

*i:SRrtg1436^fe§6<s MPEG-2 TS FEC 

fi^^FsSSt^ifey. ^«**iS/<^r^:; h<»ft^^<fcofc1 
8 8/W ht?**uf*. c:«>F ECi*#fiL3S:t^ct!n7Ei: 
6 5o Lfc:6<ot:^ SDT 1 -PF:73|-— hi*. S 
DT ! g><7^^1i:T%*(DHrS6tt^^fe^x^--^ITiE 

t^Sp BlaOa-cJ*. FEC«g*3£)WJ:5MPEG- 
TS/<^y h**fo SDT I - PF TSyUy^ 

I*. ig5^^fciSi:::x— tf-x— RS 

- F E CO) 3 -rDCDSM^-r-^TlSffl UT t *l^o 
[O O 8 3] SDT i -C P':^m/<^y h 

4f-f rg X hj 

g$=zL--+f. :^3^>h3fct;FEC<D«/ifeSS»0>#a(c 

SDT I -CPJlii/^^*;/ hi*. 1 8 8/<-< hcDMPE 
G-2 h^>X7K-h - xhU— A ■ hfcS</^ 

[0 0 8 4] ■^:&[^'<>^— ^s^y h ■ ::^p h^i;!. - /^>r 

h (U n I - I R) 
d^-<3^11= Tax hJ 

:g*==6 5 5 3 5/K h*-eW^"efe^o 

U n ! - I P/^^*^ httv RS- F ECfCcfc y«aSU3 

- I P/^^^> h^*JiffiFEC^ffiffit?^«:l^o LA^L. 
U n { - I P/<^y h36<V~XgS::J:yiELl^F EC 

&^ifi2S4/U hJ;y/J\*lv^>5r^v hJ=:(Dfl^fl6fl3UT 

i&f^•x?i^^^t"^fcfe^o;^)^<7)RSx=I-$^*:6^H^/^^^^v 

^*:/ hS:6<^SSt-SU n 1 - I P/^^'y h(*> RS-F 

[0 0 8 5] ATMirjl/ 



ATM-fe^K*. 5 S/^-f hCD@SS^*"r^>(j^. fg^^lC 
JSUZ+Hzo.— if, hSllXF EC^SPx.T*cfc 

[0 0 8 6] Jai±*^0-Ba)^M?^fii^^#|g]s^#ML 
Ma tJ^asfl^ * - *v & f r io X. a § t o s c 

[O O 8 7] 

itmt*§cr)fz, ^*(Z)DVB-AS j ^^l^'5j:y^*§ 

So 

[B 1 3 s D T I ^-OO-^-f P— K^JgEtO^iCH'efe 

[S23 MPEQ-2 T S/'S^r'y h©^jiPi1?&-S„ 

G-2 jsi^frv\-t:mmfhmw<r)igmm-^^ho 

mil ^6<D5'-<S>y ■ T^—SJPAHSSJit/^'-i'S 
tins] El7<D:^j't7>$'4 2 0>^^^fai»S:?a"^-5'il 
[Be] B7fl)*'t;>^i 9 oolM^^f «itliS:?n'y5'B 
CB1 O] *^BjCDite<D^|feJ^Sl::SL>6^«.SDT I 

[B1 3] T LD|g^/«^'y h©g5d;B-^fe-5, 
40 <7UKf<?. 42 iJ-iri/^f, 46 "^JU^ 

b'j^+f-, so, 9 2----^iJiPn*'t?^'5', 82, 
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1 . Ti M E of I BTe B t i on 

SiCNAl FORMAT, ENCODES, MCODEB m SIGNAL TRANSMISSION SYSTE}^ 

L An encoder for encoding a digital signal comprising data blocks, each 
data block including a header containing data relating to the block and a plurality of 
siots; «ach slot having a slot header relating to the slot and a data packet; the data 
packets containing successive parts of information firom a sour&ej a first slot which 
contains a first packet containing a first part of the said information from th« so^irce 
also containing a reference time; and the or each subsequent slot containing a 
subsequent packet of the information from the said source also containing timing 
information defining the timing of that packet relative to the reference time the encoder 
comprising a clock, and means for deriving from the ctock a reference time defining 
the time of pioductioa of the said first packet and for providing liie reference time 
information in the said first slot and for deriving firom the clock the said timing 
iaformatioa defining the times of pxodiiction of the subsequent paclcages and pioviding 
the timing information in the subsequent slots as the subsequent packages are 
produced* 

2, An encoder according to claim I, wherein the timhig information 
comprises coarse and fine timing information, 

3. An encoder according to claim 2, wherein the clock comprises an input 
for recei\dng a clock signal, a modulo n counter which counts the clock signal and 

. divides the clock signal fi^equency by n to produce the fine time information and a 
modulo m counter which counts the frequency divided clock signal produced by the 
modulo n counter, to produce the coarse time information* wherein m is much greater 
than n. 

4, An encoduig according to clahn 3, wherein the clock signal fi-equency is 
2,25n Mhz, where n is an integer. 
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5. An eaeoder according to claim 4, wherein the clock signal ftequency is 
27MHz. n is 12 and m is 65536, 

6. An encoder according to claim 4, wherein the clock signal frequency is 
36MHz, n is 16 and m is 65336. 

7. An encoder according to claim 1 , comprising a multiplexer for inserting 
the time information in the slots* 

8* An encoder according to claim 1, further comprising means for 
inserting into the slot header a flag indicating whether the slot contains a said first 
packet. 

9. An encoder accoiding to claim 1, wherein the said dat blocks are 
variable length blocks. 

10. An encoder according to diaim 9» wherein the said slots are variabla 
leng|;h slots. 

11. An encoder according to claim 10, wherein the variable length slots 
comprise slofe containing metadata and slots containing data described by the 
metadata. 

1 2- An encoder according to claim 1 1 , wherein a metadata slot precedes the 
data slots containing the data described by the metadata in the metadata slot 

13. An encodi^ according to cSaim 12, wherein the metadata slot contabs 
metadata identifying a succeeding slot which contains a said first packet. 

14. An encoder according to claim 11, wherein the variable length slots 
comprise a data field, a Type field containing data describing the type of data in the 
Data field and a Length Field defining the length of the data in the data field. 

15. An SDTI system including an encoder according to claim 1 . 

16. A decoder for decoding a digital signal comprising data blocks^ each 
data block Jnciuding a header containing data relating to the block and a plurality of 
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slots; each slot having a slot header reialing to the slot and a data packet; the data 
packets containing successive parts of infonmtion from a source; a first slot which 
contains a first packet contauiing a first part of the said information from the source 
also containing a reference time; and the or each subsequent slot containing a 
subsequent packet of the information fiom the said source abo containing timing 
infomiation deftning the timing of that packet relative to the reference time the decoder 
comprising a dock, means for detecting the timing mformation of the packets, means 
for imtially setting the dock to the said reference time on detection of the said first 
packet, means for comparing the clcjck time with the said timing mfon-^iation of the 
subsequent packets^ and means &r outputting the packets at the times when the timiug 
information of the packets equals the clock time, 

17, A decoder a.ccordiug to claim 16, wherein the timing infannation 
comprise coarse and fine timing information. 

18, A decoder according to claim 17, v^herein the clock comprises an input 
for receiving a clock signal^ a modulo n counter which coimts the clock signal and 
divides the clock signal frequency by n to produce the fme time information and a 
modtilo m counter which counts the fiequency divided clock signal produced by the 
modiio n counter^ to produce the coarse time information^ wherein m is much greater 
thann. 

19, A decoder according to claim 18, wherein the clock frequency is 
2.25MHz;^ wherem n is an integer, 

20, A decoder according to claim 19, wherein the clock signal frequency is 
27MHz, n is 12 and m is 65536, 

2L A decoder according 1^ claim 19, wherien the clock signal frequency is 
36MHz, n is 1 6 and m is 65536, 
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22. A decoder according to claim 16, for use with a signal the slot header of 
which contakigt a flag indicaCmg whether the slot contams a said first packet, the 
decoder comprising a demoltiplexer fi>r separating the flag and the packet, and means 
responsive to the flag for setting the cloclc to the reference timo if the flag incScates a 
first packet 

23. A decoder according to claim 16, wherein the oatpiitting means 
comprises a FIFO buf^< 

24. A transmission system in which MPEG 2 TS packets are transmitted via 
an SDH system* 

25. A digital signal comprising; data blocks, each data block including a 
he^ier containing data relating to the block and at least one slot ; each slot having a 
slot header rclatmg to the slot iand a data packet; the data packets conlaining successive 
parts of informatfon fircon a source; a first slot which cotitatns a first packet containing 
a first part of the said information from the source also cc^itaining a refeienoe time; 
and tie or each subsequent slot containing a subsequent packets of liie informatioa 
from the said source also containing timing information defining the timing of that 
packet relative to the reference time, 

26. A signal according to claim 25, wherein the timing infoxmatioa 
comprises coarse timing information and fine timing information. 

27. A slgnjail according to claim 26, wherein the coarse and fine timing 
information ^e represented by separate words in the slot header. 

28* A signal according to claim 25, wherein the slot header includes data 
indicating whether or not the packet is a fixst packet. 
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29. A signal according to claim 25. wherein the slot header includes data 
indicating packet type. 

30, A signal according to claim 29, v^erein ti5« data indicating packet type 
indicates one or both of <i) packet length; and (ii) whether liie packet includes active 
error correction data. 

3L A signal according to claim 30, wherein each packet includes error 
coirection data* 

32, A signal according to claim 31, wherein the slot header includes data 
indicating whether or not the slot contains error correction data. 

33, A signal acceding to claim 32, wherein each slot contains error 
correction data, 

34, A signal according to claim 25, wherein the slots of each block are of 
fixed length and have predetermined positions in the block. 

, 35* A signal according to claim 25, wherein the said data blocks are 
variable length blocks* 

36. A signal according to claim 35, wherein the said slots are rariablc 
length slots- 

37/ A signal according to claim 36, wherein the variable length slots 
comprise slots containing metadata and slots containing data described by the 
metadata. 

38. A signal according to claim 37, wherein a metadata slot precedes the 
data slots containing the data described by the metadata in the metadata slot. 
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39. A signal according to claim 38, wheiein the metadata slot contains 
metadata identifying a succeeding slot which contains a said first {imcket. 

40. A signal according to clmm 36, wherein the variable len^h slots 
comprise a data fields a Type field amtaining data describing the type of data in the 
Data field and a Laigth Field defining the length of the data in Uie data field, 

41. A signal according to claim 25, wherein flie blocks and block headers 
conform to SDTL 

42. A signal according to claim 33, wherein the said paclcets are MPEG 2 
TS packets or ATM cells or Memet Protocol Packets. 

3. Detailed DescrlMio^j of InTcatien 



(23) 



2000-1 7481 9 



BACKGROUND OF THE IKVENTIQN 

Field of thg Invention 

The present invention relates to signal processors and to a signal format In 
particular the invention relates to a signal format, a signal encoder for encoding a 
signal according to the format, a corresponding decoder, and a signal transmission 
system including the encoder and decoder. 

It is desired to transmit packetised signals such as MPEG 2 TS ( Transport 
Stream ) packets from one location or piece of equipment to another. It is known to 
transmit MPEG 2 TS packets via a DVB Asynchronovis Serial Interface (ASI). DVB 
ASI is effective for the transmission of one transport stream from point to point such as 
between specific items of equipment but is otherwise relatively inflexible. 

According to one aspect of the invention, Aere is provided a transmission 
system in which MPEG 2 TS packets are transmitted via an SDTl system. 

Such a system provides greater flexibility than using DVB ASI. The SDTI 
(Serial Data Transport Interface ) is defmed in SMPTE 305M. SDTI transmits packets 
in a signal stmcturc comprising frames of television lines. Ancill^ data is carried in 
the horizontal blanking area of lines and data is canied in a pay load area of each line. 
The payload area is in the active line interval. SDTI allows TS packets to be routed 
wherever SDI connections are available and also allows TS packets from more than 
one source to be transmitted. However, the carriage of TS packets over SDTI requires 
buffering to ensure that th© packets are confined to the payload area of the SDTI and to 
allow muHiplt packets on each line for efficiency. The bufifering process introduces 
delay and jitter ( Le* variation in the timing of the packets relative to each other ) to the 
packets but» for accurate decoding of an MPEG 2 signal^ the packets of that signal 
must be provided to the MPEG decoder with accurate timing relative to one another to 
allow correct decodiofi. Whilst absolute delay of packets is not a problem because it 
affects ail packets equally, there is a need to correct jitter at car before the MPEG 
decoder. 
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Wiailst the foregoing discussion describes the technical problem faced by the 
present invention with reference to the transmission of MPEG 2 TS packets via SDTl^ 
similar problems may occur in the transmission of other types of time sensitive packets 
over other data transmission systems. 

SUMMARY OF TH E INVKNTfnN 
According to another aspect of the invention, there is provided a digital signal 
comprising: data blocks, each data block mcltiding a header containing data relating to 
the block and at least one slot; each slot havmg a slot header relating to the slot and a 
data packet; the data packets containing siicccssive parts of information &om a source; 
a first slot which contains a first packet containing a first part of the said infonnation 
fiom the source also containing a reference time; and the or each subsequent slot 
containing a subsequent packet of tJie inforniation firom the said source also containing 
timing information defining the timing of that packet relative to the reference time. 

According to another aspect of the invention, there is provided an encoder for 
encoding a digital signal comprising data blocks, each data block including a header 
containing data relating to the block and at least one slot; each slot having a slot header 
relating to the slot and a data packet; the data packets containmg successive parts of 
information j&om a source; a first slot which contains a first packet containing a first 
part of the said infonnation from die source also containing a reference time; and the 
or each subsequent slot containing a subsequent packet of the infonnation from the 
said source also containing timing information defiming the timing of that packet 
relative to the reference time, the encoder comprising a clock, and means for deriving 
from the clock a reference time defining the time of production of the said first packet 
and for providing the reference time information in the said first slot and for dcrivmg 
from the clock the said tuning information defining the times of production of the 
subsequent packages and providing the timing information in the subsequent slots as 
the subsequent packets are produced. 

According to a further aspect of the invention, there is provided a decoder for 
decoding a digital signal comprising data blocks, each data block including a header 
containing data relating to the block and at least one slot; each slot having a slot header 
relating to the slot and a data packet; the data packets containing successive parts of 
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information from a source; a first slot which contains a first packet containing a first 
part of the said information from the source also contaming a reference time; and the 
or each subsequent slot contaming a subsequent packet of the iBformation fiom the 
said source also containing timing information defining the timing of that packet 
relative to the reference time, the decoder conjpri^ing a clock, means for detecting the 
timing information of the packets, means for initially setting the clock to the said 
reference tirae on detection of the said firat packet, means for comparing the clock time 
with the said timing information of the subsequent packets, and means for outputting 
the packets at the times when the timing infonoation of the packets equals tte clock 
time* 

By providing the timing information m the signal, the decoder is enabled to 
output the packets with jitter substantially reduced and preferably eliminated to allow 
correct decoding in for example a subsequent MPEG decoder if the packets are MPEG 
TS packets* Packet jitter can corrupt the decoding. The decoder compares the timing 
information of each packet with an internal clock set by the reference time of the first 
packet and outputs the packets to, for example^ a buffer when the dock time equals the 
packet time thus at least reducing the jitter. 

In an embodiment of the invention, the blocks are payioad areas in the active 
line intervals of SDTI signals which have ancillary data including address data in the 
non-active areas of the lines. 

In an embodiment of the present invention as applied to SDTI, there is a iBxed, 
integer, number of complete packets per SDTI line with padding (e.g. zeros) in any 
unused space. The slot len^s are thus fixed. The slots and packets on a particular 
SDTI line all have the same source and destination addresses and there is only one 
packet stream on tliat line. 

In another embodiment of the present invention as applied to SDTI, the data 
blocks are variable length blocks which may occupy one of more lines. The slots 
within the variable length data blocks are variable length slots. Preferably, the slots are 
L D blocks" containmg a Type field T containing data describing the type of data in 
the Data field D and a Length Field L defining the length of the data in the data field. 
Preferably the TLD blocks are of two typesi metadata blocks; and data blocks. A 
metadata TLD block precedes the data TLD bk>cfc(s) containing the data described by 
the metadata. The H,D data blocks contain the reference time and tinung information. 
The metadata TLD block preceding those blocks cotitains data identifying vi^iich of the 
blocks contains the reference time. 
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For convenience, tiie Figures represent the data in paxaUel-fonnat* In practice 
the data is tmmmitted in serial^-fbrmat 

Overvtew 

First Embodiments; SPTI'TS 

The followmg description describes first examples of a novel signal fomiat for 
c^irying MPEG-2 Transport Stream packets aver the SDTI (SMPTE 305M)- MPEG 2 
TS and SDTI are well known and will not be described herein In detail* The novel 
format is referred to hcfr&in as SDTI TS, SDTI uses television lines to carry data. The 
^tiv6 line intervals arc fhc pay load areas axad contain tte STDT data blocks. The non- 
active intervals of the lines contdn ancillary data including the source and destination 
addre^es of the <fata in the active line intervals^ In accordance with an embodiment of 
the present invention^ to ensure efiSciency of transfer, the pay load area of each line of 
SDTI-TS h filled to capacity as mjxh as possible with whole, fixed Iragth, slots 
confining the packets fiom one Transport Stream, The novel format includes all 
information neoessaiy to recover Transport Stream packets with a low jitter level at the 
SDTI-TS decoder and has the OeixjbiUty to meet a number of design requirements. 

References 

The following references, whfch are published standards, contain information 
relevant to the present invention. 

SMPTE 305M, Serial Data Transport Interfece (SDTI). 

SMPTE RP i68» Definition of Vertical Interval Switching Point. 

ISO/DEC 13818-2: Infonnation Technology * Generic Coding of Moving 
Pictures and Associated Audio Information: Video, (MPEG-2). 

ISO/TEC 13818-2: Information Technology - Generic Coding of Moving 
Pictures and Associated Audio Information: Systems, (MPEG-2). 

DVB: Interfaces for CATV/SMATV Headends and Similar Professional 
Equipment; 

Asynchronous Serial Interface (ASI). 
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SMPTE 1 0-bit 4:2:2 Component and 4fsc NTSC Composite Digilal 

Signals/Serial Liteiface. 

SMPTE 29 1 M, Ancillary Data Packet and Space Foimatting. 

Backgromd 

tlie currently established interface for the carriage of MPEG'"2 Transport 
Stream (TS) packets Is the DVB ASI which places packets within a small tolerance of 
the position required to ensure mmimal impact on the decoder buffer. However, ASI 
oannot easily cany more than one TS, neither can ASI be supported by commonly 
available SDI based equipment It is usefiil as a specialised point-tc-^point interface 
between specific items of equipment 

illustrative examples of the present invention 

One aspect of the present invention proposes the carriage of MPEG2 TS 
packets over the SDTI. This allom a more general approach to connectivity by 
allowing TS packets to be routed wherever SDI connections are available. However, 
the carriage of TS packets over the SDH requires buffering to ensure that packets are 
confined to the payload area of the SDTI and to allow multiple TS packets on each line 
for efficiency. Tbe result of this buffering process is to introduce both a delay and 
jitter to ttte packet streanL The delay is not a problem which concerns the present 
invention. The examples of the present invention described herein aHow the packet 
jitter to be reduced to insignificant levels. As a benchmark, the present embodiment 
allow a DVB-ASI input to be carried through SDTI-TS and decoded to cmate a new 
DVB-ASI signal with minimum additional jitter. The SDTI-^TS can also operate 
directly from other interfkoe points as required, 

SDTI PARAMETERS 

SMPTE 305M specifies the SDTI far bit rates of 270Mbps and 360Mbps and 
examples of the invention may operate on both hit rates and at higher bit rates. The 
examples of SDTI-TS described herein use the fixed block size mode of the SDTI with 
OQe block per line. The format of each fixed length block is shown in Figure L The 
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block is either 1438 or 1918 bytes long including a ten bit SDTT-TYPE word as 
described hei^inafter. The block typically includes an additional 2 bytes of error 
detection CRC for a total of 1440 or 1920 bytes as shown in Figure 1, 

TYPE WORD 

The SDTI data block has a block type word. 

For 270Mhps SDTI, the Block Type value is "Olh" which speciSes a block size 
of 1438 words per line (inctuding the Type value). 

For 36QMbps SDTT, Ihe Block Type value is "09h" which specifies a block size 
of 1 91 8 words per line (includmg the Type value)* 

The SDTI Data Type word has a sidtable value: there is no assigned value at 
present* 

The input fbnnat is 8 bit data entered into bits b7 -bO of a 10 bit word. Bit bS 
of the 10 bit word is the even parity of bits b7-bO and bit b9 is the complement of bit 
b8. 

The optional FEC (Forward Error Correction) may be added to the block to 
give added data security. Whether FEC is added or not, hit& b7 and b6 of the Block 
Type word are set according to SMPTB 305M. 

The present examples of the invention do not use the Data Extension facility of 
SMPTE 305M. It is lecommended to avoid use of the SDI switching lines as defined 
in SMPTE- RP 168 

MPEG-2 TRANSPORT STREAMS 

As shown in Figure 2a, MPEG-2 TS (Transport Stream) packets are 1 88 bytes 
in length. As shown in Figure 2b if DVB Forward Error Correction (FEC) is added, 
then the packet length is 204 bytes. The MPEQ-2 TS FEC is interleaved across 
packets and designed for correcting serious data loss throu^ transmission errors which 
may be bursty. Whilst in extreme cases SDTI can create occasional errors, the MPEG- 
TS FEC is unsuitable for correcting SDTI errors due to the interleave length and this 
FEC will not exist if the packets carried are only 188 bytes in length. Consequently, 
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the SDH-TS format of an embodimetit of the invention include an optional FEC to 
correct for any errors whi<* may occur through the SDH link. 

PAYLOAD FORMAT 

In accordance with the first embodiments of the invention, the MPEG^2 TS 
packets are wholly contained in an SDTI fixed block placed in a TS Payload format an 
example of which is described as follows with reference to Figure 3, The iUustxative 
TS Paylo^ format has a 2 layer structure as Indicated in Figure 3. The payload 1ms a 
TS Payload header definbig parameters which apply to the whole payload line, and a 
fixed numba: of TS Slots into vJbich the MPEG2 TS packets are placed. Each TS Slot 
has a slot header which defmcs paranwters associated with the TS packet in the slot, 
followed by the TS packet itself and tenninated by an optional SDTI RS-FEC of 6 
bytes. 

TS Payload Structure 

The SDTI Type word of the TS Payload is the type word at the left hand side of 
figure I , The bit assignments of the Slot Count, Channel Handle and Continuity Count 
words are shown in Figure 4. 

TS Payload Slot Count 

The Slot Count is an 8 bit word which defines the number of TS Slols for this 
Payload line. The number of TS Slots has a lower value of 1 and an upper value 
defined by the payload length. In the case of 2?0Mbps SDTI. the maximum number of 
TS Slots is 6. In the case of 360Mbps SDTI, the maximum number of TS Slots is 8, 
Higher SDTI rates can support appropriately higher numbers of TS Slots in the payload 
area. In the present embodiments of the invention, data space between the last TS 
Payload Slot and tiie SDTI CRC words is nol used for any other purpose or 
application. Lower vaiueg of payload slot count tend to reduce the codec delay* 
Further information on this topic is given herein below. 



TS Payload Channel Handle 
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The Chaxmel Handle ia a 16 bit word organised as two 8 bit words with ihc 
most significant word fksL This word is used to distinguish between TS Paytoad lines 
having the same SDTI source and destination h^wter addresses but representing 
different channels of TS transmi&siort la the present embodiments the Channel 
Hajodle value is set to "OOOOh* but other values may be chosen. 

TS Pavload Contimiitv Count 

The "Continuity Count" is a modulo 65536 count vAAch increments by I for 
every TS PayiMd line having the Boxm SDTI Source and Destination addresses and the 
same Channel Handle value. The piupose of this count is to provide detection of 
signal path switching. 

TS Slot Structure 

In the present embodimezrts every TS Slot is 21 6 words in length and TS Slots 
are arraaiged in continuous order immediately foUowtng the TS payload header. 
A TS Slot contains in&^miatton b the foUo\^ng s^uence: 

a TS Slot header of 2 word length, 

a coarse count value of 2 words in length clocked at 2.2SMHz, 

a fine count wMch Is one word in length clocked at a multiple of 2^5MHz. 

a 18S byteTS Packet, 

a 16 byte space for the optional MPEG-2 TS FEC, 
a 6 byte space for the optional SDTI-TS FEC and 
a 2 byte null data space. 

TS Slot Header 

The TS Slot header is an 8 bit word with bits b7-b0 defined as follows: 
Bit b7 defines whether the TS Slot has an active SDTI FEC, 
hi is '^0'* if the SDTI FEC is not active and is " I " if the SDTI FEC is active. 
Bits b6-b3 are reserved but not defined* 

Bit b2 is a TS discontinuity flag. If the TS packet in this TS slot is not related 
to the previous TS packet, the b2 is set to " I else it is set to "0". A discontinuous 

TS packet (i.e, b2-T) also indicates that this is the first packet in a new TS packet 
sequence. 

Bits bl and bO form a code which define the TS packet type as follows: 
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bl b2 TSType 

0 0 18S byte TS packet with no 16 byte FEC. 

0 1 Reserved but not defined* 

1 0 204 byte TS packet with mi inactive 16 byte FEC 
1 1 204 byte TS packet with an active 16 byte FEC. 

TS Slot Coarse Coimt 

The coarse coimt value is derived from a modulo 65536 counter clocked at 
2.25MHz St the SDTI-TS encoding iw>mt and defines the coarsie timing of the TS 
packet for the decoder to be able to output the TS packet st the correct time relative to 
tiie pievioas TS packet This coarse titnuig is used in ccmjunction with the next word, 
the TS Slot sub count which contains a fine liming deariv^ from a clock at an integer 
multiple of 2,25MEte to provide a clock with a reference timing close to that of the TS 
Progiimm Clock RefcrctKse (PCR). The coarse and fine timing are preferably derived 
from the some master clock which is for example the PRC dock operating at 27 MHz. 

It is not required for the 2.25MHz counter to match the period of the PGR of 
27 hours. The 2.25MH2 counter only iKeds a sufiBcient cycle period guaranteed to be 
longer than the majcknum period between TS packets. The 2.25MHz cycle period is 
approximately SDrnsecs. The 2,25MHz counter incroments by 1 for every 12 
increments of the PCR. 



TS Slot Sub Count 

In the case of 270Mbp3 SDTI, the sub count is clocked by a 27MHz clock 
(which is at the same rate as the PGR) and couats over the range 0 to i 1 , In the case of 
360Mbps SDTf, tiie sub count is clocked by a 36MH2: clock (which is at a higher rate 
than the PGR) and counts over the range 0 to 15. The number of bits available far the 
Sub Count value aDows SDI word (parallel) clock rates up to 576MHz. How the TS 
Slot counts can be used for output timing control is described herein later. 



TS Packet DaU^ 
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The 204 byte space for the TS packet is a fixed allocation. The contents of tbis 
space are filled widi 188 byte or 204 byte TS packet data as defined by bits bl and bO 
of the TS slot header vvojd. In the cases of 1S8 byte TS packets and of 204 byte TS 
packets with inactive TS FEC, the 16 byte TS FEC space is null filled. 

TS Slot RS FEC 

The FEC is appKed over the 214 bytes of the TS slot from the 2*25MHz count 
word to the Imt word of the FEC, If the TS slot header word FEC valid bit (b7) is set 
to "0' , thm all 6 words of the FEC are set to ^'00h\ The FEC is a Reed-Solomon, R- 
SC214, 20Z, T^3) shortened code fiom the original R-S(255, 249, T=3) code. 

The R-S code generator polynomial is: 



J? (x ® a** ),(x © ' a or^ >(:r ® © iar^ ® Of ' ) 

where ct is defined by Oalois Field GF(256) generator polynomial: 

GF(xy-x^ ®x* ©L 

TS Slot Null Space 

The TS slot ends wili 2 words of zero filled null space. 

USING THE TS SLOT TIMING DATA 

Figure 5 illustrales the SDTT-TS coding process from the MPEG-2 TS packet 
stream input to output through the SDTI-TS format The combination of the TS Slot 
2.25MHz count and the sub count valu«^ defines a count value with a rcsoJufion at 
least as high as the PCR and with a period before repetition of approximately SOmsecs. 
On reception of the first TS packet in a sequence^ the decoder may output the packet 
whenever it is ready and, at the same time, sets an Lntemal counter running at the SDTI 
word rate (27/36MHz) to the TS slot count value. This counter counts in the same 
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manner as defined for the 2.25MHiz comt and sub count* Thereafter, for all remaining 
packets, the decoder outputs a packet when the decoder coiinter equals the counter 
stored in the TS slot count thus guaranteeing the integrity of the output TS packet 
timing. In the case of 270Mbps SDH, the count value clocks at the same rate as the 
TS packet PGR and should result in no timing jitter. In the case of 360Mbps SDTI, the 
count increments by 4 for every 3 mcrements of the TS packet PGR, thetefore, 
resulting in plus or minus I PCR clock jitter. This value is well within the MPEG-2 
defined limits* 

SYSTEM DELAY CQNSIDBRATIONS 

The payload ansa of each SDTT line is packed with as many complete slots and 
thus TS packets as possible. In the present embodiments the slots are of fixed length 
and the SDTI payload area contains only compiel^i slots. Spare space in a payload area 
is filled with zeros. This ensures that the waste of SDTE lines is minimised and th\is 
the maximum number of line* are available for the transfer of other data. The 
following example are based on 270Mbps SDTI-TS. At a bit rate of 4Mbps, 
approximateiy 15 lines per frame (525/30) are used for the carriage of MPEG-2 TS 
|Mu:kets and the codec delay is just over 2msec. At a bit rate of 50Mbps, approximately 
185 tines per frame (525/30) are used for the carriage of MPEG-2 TS packets and the 
codec delny is thus reduced to around ZOOusec. To a first approximation, the codec 
delay is inversely proportional to the bit rate. Thus at low bit rates, delay can only be 
reduced by reducing the number of TS packets per line and thus occupying 
proportionately more SDTI lines. If the 4Mbps example above occupied only 1 TS 
packet per line, then the delay would be reduced to approximately 400 usee. 

Exam ple of an SDTI TS system 

Referring to Figure 6 there is shown an example of an SDTI TS system. The 
system comprises a data source 1 . The data source I includes an MPEG2 encoder 2 
■which h known and which produces known MPEG 2 TS packets. The packets may or 
may not include the EEC data^ as shown in Figures 2a to 2c. The packets are outputted 
from the MPEG encoder with the correct relative timing; i.e. they are relatively jitcer- 
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free, A timing data msciter 4 of the source 1 (and desciibed in more detail with 
reference to Figures 7 and 8} inserts the coarse and fine timing data into a header. The 
timmg data defines the comet timing of the packets relative to a reference time. The 
MFBG2 TS paokBts with the iimmg data are fed to the SDTI 6. The SDTI 6 also 
receives ii^idkets and other data from other sources 3 and 5* The otiber source may or 
may not be the same as source L The SDTI routes the data from Ehe sources 1, 3 and 5 
m known manner to respective conespondktg destinations li, 13 and 15- For that 
purpose one SDTI line has a source address and a destination address in its ancillary 
data and carries ordy data from the ^^essed source to the addressed destination. As 
described above the MPEG2 TS packets are buffered in the SDH so that they incur 
jitter. At the destmation 1 1 tihe packets from source 1 are subject to timing correction 
in corrector 8 before delivery to an MPEG decoder witb the correct timing. An 
example of the corrector S is described with reference to Figure 7. 

The SDTE assembles the MPEG2 TS packets into the slots shown in Figure 3 
adding the slot head^ datSi to the timing data and adding the block header data, as also 
shown in Figure 3» to the block. The SDT[ also adds the 6 byte FEC, the zeros for the 
null space and the optional SDH CRC. The SDTI also determines when a packet k 
the first packet of a new packet sequence and sets the bit h2 of the TS discontinuity 
flag to 

Referring to Figure 7, an example of the timing data inserter comprises a 
27MHz clock 40 whidi clocks a counter 42 to produce the timing data. The clock 40 
is derived from the SDTI clock. An example of the counter h slKJwn in Figure 8. The 
counter comprises a Modulo 12 counter 80 clwked at 27MHz which produces the fine 
timing data and which produces a 225MBz clock for clocking a Modulo 65536 
counter S2 wWch produces the coarse timing data. The counters 80 and 82 are free 
running. A latch 44 temporarily stores the fme and coarse counts. Upon receiving a 
packet start signal it feeds the current counts to a multiplexer 46 which inserts the 
timing dats into the bit stream at the start of the f^cket. The first packet of a packet 
sequence is allotted v-liatever arbitrary time is indicated by the counter 42 at the 
moment of its production. That time is a reference time for ths subsequent packets of 
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the seqii&nce. Thes coarse counter 82 sequences through its c^Dunts with period of 
65536/(2.2 5*10*) seconds or about 30 ms. 

At tlie destination, an example of the cotrector 8 comprises a demultiplexer 84 
which detects the slot header and determines there&om whether a packet is the first in 
a sequence as indicated by the discontinuity flag {b2='l) and the fine and coarse timing 
data* Hie denmlt^teKer sesparales the MPEG2 TS packet from the slot header and 
fewis the packet to a FIFO bufSsr 96. The FIFO buffer 96 stores one SDTI block of 
packets. The packets are on average docked into and out of the FIFO at the same rate 
e*g, 270 M bits per second as tfaey are originally produced at the soince L However, 
the packets may be input irregulariy but arc output continuously with rorrect tixning. 
The demultiplexer feeds the timing data 1o a oomi^ratar 88 via another FEFO 86 and 
directly to a gate 94* If the pack^ is a first packet, flie discontinuity flag b2= I enables 
the gate 94 to load the timing data» which represents the reference time, into the 
counter 90^ thereby setting the counter to the reiieirence time. 

The counter TO an example of which Is shown in Figure 9 comprise a modulo 
12 counter 921 and a modulo 65536 counter 941 arranged identically to the 
corresponding count«^ 80 and 82 of Figure 8 and counting a 27MHz clock provided by 
the SDTI. The clock provided by the SDTE is synchronous in known manner with the 
source clock 40. The counters 921 and 941 dififer from the cMSunters 80 and 82 in that 
they can be preloaded with the reference count Once loaded the counters 921 and 941 
are firee- running in the same way as the counters 80 and 82 and are thus in delayed 
synchronism with tfaem, Tlie comparator 88 compares the timing data from the 
demultiplexer with the timing data from the counter 90. When the compared tiraing 
data aie equal, the comparator enables the FIFO 96 to output a packet with tibe correct 
timing. 

The packets and the ttnung data are separated by the demuItipleKa: 84 and fed 
into the FIFOs 86 and 96* Hie FIFOs contain corresponding sequences of packets and 
timing datSL. As the padcets are moved throi^ the FIFO 96 to its output, so are the 
corresponding timing data moved through the FIFO 86 to maintain correspondence 
with the packets in tlie FIFO 96. After each item of thning data reaches the output of 
the FIFO 86 that item is cleared from the FIFO. Each item of timing data at the output 
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of the FIFO 86 is compared with the count ia the counter 90 aad when the count 
represented by the timing data equals fee count in fee counter^ a read out enable si^al 
causes the FIFO 96 to start reading out lixe correspoxiding packet which accordingly has 
the correct timing. The enable sigpal also clears the timing data fix)m the ou^ut of the 
FIFO S6 and moves the next item of timing data to the output to be compared with the 
count in the counter 90* 

Second Embodiments: SDTI-PF 

Figures 1 to 4 describes a signal format referred to herein as STDT-TS which 
uses the fixed block size mode of the SDTl will one block per line. That signal format 
is described in the context of transporting MPEG 2 bit streams using the SDTI* The 
fono\^4ng description describes another version of the signal format referred to herein 
as SDTI-PF. This format SDTI-PF allows MPEG2-TS packets to be transported tad 
also allows fbr other kindi of packet to be carried over the SDTI» with or without 
buffering to reduce packet jitter. Such packets may be ATM ceUs and packets based 
on the Unidirectional Ihtemst Protocol (Uni-iP). 

This embodiment provides several feature for the carriage of packet screan^ 
such as: 

A high packing density* 

A flexible arrangement of data packet types and associated packet metadata. 

Carriage of multiple channels of multiple data packet types. 

Provision for a powerful Forward Error Correction (FEC) specification. 

The ability to reproduce aocurate data packet output timing. 

The ability to add embedded user information, 

Th& coatiol mformation associated with data packete can be used to: 

Provide a contiruiity counter to detect SDI switchings 

Provide a channel 'handle* for transfers of multiple chaiuiels of data packets 
between the same source and destinationi addresses. 

Defme the position of a data packet in a stream. 



SDTl PARAMETERS 
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SMPTE 305M specifies the SDTI for bit rates of 270Mbps and 360Mbps and 
this embodiment may operate on either 27(>Mbps only, or on both bit lates according to 
the equipment specification. The SDTl-PF uses the Yadiabb Block unode of SDTI as 
shown in figure 10, The 'Separator' and 'End Code* words are special 10 bit values 
defined in SMPTE 305M. All data in IJie space between the 'Separator' and Tnd 
Codes' arc 1 0 bit words where 

the data comprises 8 bits entered into bits bO to b7 of the 10 bit word, 

bit b8 is set to even parity of bits bO to b7, and 

bit b9 is to be odd parity. 

The 'Block Type' word af the SDTI header is set to Variable Block mode 
aojording to SMFIE 305M* 

The SDTI Data Type word is set to the value llh' indicating the Data packet 
Format (PF) variable Mock payload. 

This embodiment does not nse the Data Extension fecility of SMPTE 305M. 

SDTI LINE ANP APP^^S NUMBERS 

Since the data in each SDTI variable block may continue through as many lines 
35 necessary until the block end, it is necessary that the SDH header line numbers are 
contiguous. It is also necessary that the SDH header source and destination address 
values are constant throt:^out the transmission of al( lines associated with any one 
SDTf variable block. 

SDTI SWITCHING 

The arbitrafy switching of SDH data streams, although at the picture frame 
boundary, may affect the ability to successfully decode the contents of data packets 
without the use of special processmg equipment to mitigate the switching effects. The 
lines affected by a picture switch are defined in SMPTE RP168. It is recommended to 
avoid the use of the lines defined by SMPTE RP168 together with the lines 
immediately prior to and following the switch line where transient conditions may 
occur. A continuity count can be provided to indicate variable blocks affected by a 
switch. 



(38) 



2000-1 748 1 



TLD BLOCK STRUCTORB 

The Data Black area of each variable block is filled with oae or more blockis 
defined by a Type* length and Data (TUD) construct as shown in figure 1 1. 
The three components of tte TIX> construct are: 

Type; the type of data contained in the 'vahie' area as a local I -byte iabeU 
Length: the length of the value, and 
Data: the data as defined by the Type. 

'Type' is a single byte which identifies the typ^ of data carried in the TLD 
block. Hie Type vakie may identify either one kind of TLD packet (snch as an MPEG- 
2 TS packet) or one kind of TLD metadata. 

When a TLD metadata block is received, the metadata contained in the value 
area applies to all subsequent TLD packet bk^cks until either the end of the SDTI 
variable block or until a new TLD metadata construct of the same type is received. 
The data "torn a TLD metadata block does not cany any significance cross SDTI 
variable blocks, so each new variable bi<K;k carries a new set of TLD metadata as 
needed. 

Fig^ire 12 illustrates a hierarchy of SDTI variable blocks and TLD hlc^ks 
according to an embodiment of tibe present invention. As shown in figure 12 tbe data 
block area of each SDTI *Varbble Block' is wholly fMled with TLD blocks. There is 
□o padding either at the start of the SDTI T)ata Block', or between TLD btocks or 
between the end of the last TLD block and the SDTI "End Code** 

TLD TYPE 

The TLD Type is a 1 byte word used to identify the type of data m the TLD 

block. 

The foUowdng rules apply to the assignment of Type values: 
A Type value of 'OOh' is not used. 

Type values in the rangp 'Olh' to 'OFh' are used to identify TLD metadata 

blocks. 
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Type values m the range from lOh' to TFh' use only 1he most sigmficant 4 bits 
of the Type word to kientify TLD packet typg^. Thus only 15 of these TLD types can 
be identified 

Tlie least significant 4 bits of Type words with a value greater than 'OFh' are as 
follows; 

Bit 1j3 is used to identify the presence of an FEC at the end of the TLD data 
area. If b3 T then the FEC is present, else tie FEC is not preseal and no space is 
allocated. 

Bit b2 is used to identify if the data contains an embedded counter. If b2 = ' T, 
then the embedded coimtet is present, eke the embedded counter is not present and no 
space is allocated- 

Bits bl andbO form abinary value in the range Oto 3. 

If the value = 3', flien 6 user bytes are contained at the head of the TLD data 

area. 

If the value - *2\ then 4 user bytes are contained at the head of the TLD data 

area. 

If the value = then 2 user bytes are contained at the head of the TLD data 

area. 

If the value ^ '0', then no user bytes are contamed at the head of the TLD data 

area- 

TLD LENGTH 

The I^ength of a TLD block specifies the length of the TLD Data- Thus the 
Length value can be used to skip to the next TLD block if needed. 

The TLD Lengtih is a variable length wcard defined as follows: 

If the value of the first byte lies in the range 'OOh' to *FEh\ then the length is 
given by the value of the first byte* 

If the value of the first byte is equal to *PFh' then the Length value is contained 
ia the 2 bytes which iraiDcdiatcly follow. 

Thus TLD constructs with data blocks having a length of gieate^r than 254 bytes 
result in a length of 3 bytes of which the first byte is equal to the value of *FFh* and the 
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next two bytes contam a Length whose value may range fix>m 'OOOOh to TFFEh'. The 
2-byte Length vali» of 'FFFFh' is reserved for fotxirc possible expansion. 

TLD BLOCK 

TLD blocks defined by a Type value up to 'OFh' contam metadata of a forniat 
defined bi the Metadata DeiGmtioDS below. 

TLD blocks defined by a Type value above 'OFh* oontsdn data packets as 
defined in the Pack^ Definitions below. 

A Data packet may be formed &om the follovring components; 

User data of length 0, 2, 4 or 6 bytes. The length of the user data is defined by 
bits bO and bl of the Type word; 

A Minor Count value in combmation with a Major Count value giving 3 bytes 
which can be used to re-time the date packets at the decoder output with negli^ble 
jitter; and 

A Reed-Sokitmn Forward Error Correction (RS-FEC) of 6 bytes length. 

The TLD packet is shown in figure 13, At Its simpl^t levelj a data packet with 
a TLD Type identifier which has the 4 LSBs set to '0' becc^nes a simple data packet 
contauung only the packet data and no extra components. 

USER DATA AREA 

User data space is defined m morements of 2 bytes allowing 0, 2, 4 or 6 bytes 
of User Data area. The contents of Hie User Data area are prtvats d£d:a and not defined 
herein. 

PACKET TIMING COUNTER 

The combmation of Major and Minor Count valu^ forms the Packet Timing 
counter with integer and fractional parts defined by the Major and Minnr Count words 
respectively. The Packet Timing counter defines the timing of the start of each packet 
for a decoder to be able to output the packet at the correct time relative to the first 
packet in any stream. The Packet Timing counter can provide output packet stait 
positions timings which are as accurate as tlie SDTI clock period 
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The packet timing counter has a cycle period of approxirnately BOmsecs. The 
maximmn period between packets is less ihm the packet timing counter cycle period to 
guar^tee correct operafion. 

The descriptJoa of figures 5 to 9 describes how fee Packet Timing coiinter can 
be used for accurate output timing controL 

MINOR COUNT 

The minor count conesponds to the fine slot sub count described hereinabove. 

The S"bit Minor Count word is a value sampled from a counter clocked by the 
SDH word clock. Bits cO to c7 of the Minor Count word are used for the minor count 
value. Bit eO ie the least significant bit of the minor count value. 

In the case of 270Mbps SDTI, the minor count value is loaded from a counter 
clocked by a 27MH2 clock (which is at the same rate as the MPBQ-2 TS PGR) and 
counting over the range 0 to 11 to create a 2 J25MHz clock period. 

In the case of 360Mbps SDTI* the minor count value is loaded j&om a counter 
clocked by a 36MHz; clock (vAiich is at a higher rate than the hSFEG-l TS PGR) and 
counts over the range 0 to 15 to create a 2,25MH2 clock period. 

The nombex of hits available in the Minor Count word allows SDTI word clock 
rates up to 5 76M}iz, 

MAJOR COU N T 

The major count corresponds io the coarse count described hereinabove. The 
16-bh Major Count word is a value sampled from a modulo 65536 counter clocked by 
the 2.25MH2 clock. The Major Count value is formed fix>m bits CO to CIS as shovm 
in figure 4 representing, respectively, the LSB to the MSB of the count value. 

R-SFEC 

Wheie provided, the R-S FEC provides cortectJon for the whole TLD structure 
content from the TLD Type ward to the last R-S FEC word. The R-S FEC is not 
interleaved over multiple TLD packets. In this embodiment, the error correction is 
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defined aa a Reed-Solomon R-S (L, T===3), Where L<255, then the RS-FEC is a 
shortened code &om the original R-S (255, 249, T^3) code. 
The R-S code gencralor polynomial is: 

where a is defined by Galois Field GF(256) generamr polynomial: 

Note that although the encoder provides the capability of correcting 3 errors, a 
decoder may dioose to correct only 1 or 2 errors to preserve residual error detection 
performance. 

Note also that the RS^FEC can only be sailed to TLD structures of 255 bytes 
or less. Thus a TLD length value of greater than 253 will ejcceed the RS-FEC limit and 
thus is not applied. 

TLD BLOCK DEFINITIONS 

The following list of definitions is that cunenUy preferred. Extensions to this 
list maybe nm<te. 

Each TLD, {Type, Length. Date, also referred to as Key» Length, Value) 
metadata definition has both a local identifier defined by the Type' value and a global 
identifier which defines the place of the metadata item in the SMPTE Dynamic 
Metadata Dictionary. Both identifiers are referencing the same metadata specification. 
The reason for the shortened Tj-pe value is fbr ease of parsing the data at the high 
speeds used by the SDT! transport. There is also a gain m packing density and hence 
simplified storage requirements on high speed silicon. But it shculd be noted that any 
metadata item specified in this document may be expanded to define the full K-L*V 
construct on which the Metadata Dictionary is based. This fully e>cpanded K-L-V (key. 



(43) 



4*11 2000-1 7481 9 



length, value) construct may then be used as a basis for the common interchange of 
metadata items betwrai different applications. 

METADATA mFPJITIONS 
CONTINUITY COUNT 
Local Type vsim 'Olh' 

The Continuity Cotrnt is a 16 bit, mcxhilo 65536 value which increments by 1 
for every SDTI-PF variable block haviog the same SDTI Source and Destination 
addresses. The purpose of this comt is to provide detection of signal path sv^itching. 

The bit significance is LSB first. ThiJS. the USB lies at hit bO of the first byte 
and the MSB lies at bit b7 of the second byte. 

Local lype value = *02h* 
Length = 2 byies. 

The Slot Handle is a 2 byte word which is used to distingiudsh between packets 
within a SDTI-PF variable block having the same SDTI source and destination header 
addresses but represenling different packet dsannets, A Slot Handle is set to zero 
where all packets associated with the same SDH Source and Destination Addresses are 
fi*om a single channel. Where 2 or more channels of packet streams are multiplexed 
onto SDTI-PF variable blocks, the Slot Handle values for each channel is non-zero. 
The number of multiplexed channels is limited to 65535. 

If the Channel Handle metadata is not pre^nt in SDTI-PF variable block, then 
the TLD blocks are considered to be £rom one channel 

STREAM POSmON INDICATOR 
Local Type value '03h* 
Length = 1 byte, 

The packet stream position Indicator Is used to identi:^ the position of the 
followng TLD packet in a stream. 
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Bits b2 to bO define the positioii of the foBowing TLD packet in a stream of 
packets. These 3 bits identify 8 stream states as follows: 

0 the TLD packet position in a stream is imdeflned. 

1 = the TLD block contains a stream head packet which is any packet which 
precedes the stream start packet (e.g, pre-mH packets) 

2 = the TLD block contains a stream start packet which lis the first packet of a 

stream. 

3 =^ the TLD block contains a mid-stream packet which is any packet between 
the stream start and stream end packets. 

4 = the TLD block contains a stream end packet which is the last packet of a 

stream. 

5 the TLD block contains a stream tail packet which is any i^ket which 
follows the stream end packet (e.g< post-roU packete). 

6 « the TLD bfock contains both a stream start packet and a stream end packet 
signj:i^g a stream of lengAi L 

7 " reserved but undefined. 

Bits b7 to b3 are reserved but nndefmed, 

TLD PACKET DEnNITIONS 

The following packet types are defined only be ihc local TLD Type Word. 
MPBG-2 TRANSPORT STREAMS 
Type value *8xh' 

Length == variable depending on the presence and type of embedded FEC 
together with the pr^ence of User, Count and FEC components. 

MPEG-2 Transport Stream (MPEG-2 TS) packets axe 188 bytes in length. If 
Forwawi Error Correction (FEC) has been added, then the packet length is increased to 
204 bytes for DVB emission and 208 bytes for ATSC emission. The MPEG-2 TS FEC 
may be interleaved across packets and is designed for high levels of data loss through 
transmission systems which may introduce error bursts. Whilst in extreme cases SDTI 
can create occasional errors, the MPEG-2 TS FEC is unsuitable for correcting SDTI 
errors due to the interleave length and this FEC will not exist if the packets carried are 
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only 1 88 byt^ in length, Coasequeatly, the SDTI-PF format includes an optional non- 
interleaved FEC to correct for any enws which may occur through the SDTI link- 
Figures 2a to 2cd illustrate MPEG-TS pack^ with different FEC capabilities. 
It 15 permissible for SDH-PP TS blocks to use all three sarviees. User data, Re- 
timing and RS-FEC as needed. 

SDTT^P TRAlNfSMIgSION PACKET^ 
Type value '9xh* 

Length = variable depending on the presence of User, Count and PEC 
components, 

SDTl-CP Transmission packets adopt a packet stnicture based on 188 byte 
MPEG^2 Transport Stream packets and are managed in an identical manner. 

UNIDIRECTIONAL INTERNET PROTOCOL PACKETS (UNl-m 

Type value = * Axh* 

Length — variable up to 65535 bytes. 

Because Uni-IP packets can have a loigth in excess of that capable of l^ing 
handled by the RS-FEC> Uni-DP packets would not normally be able to use FEC, 
However, if the Uoi-IP packets arc constrsmcd by the source device to be less than the 
limit set for correct FBC operalion, then it may used with successi on only those 
packets which are below 254 bytes in le*igth. Users should also be cautioned that some 
RS decodeis rely on a fixed packet length in order to operate correctly in a pipelined 
operation. So Uni-IP packets with fluctuating packet lengths may cause decoder 
problems if the RS-FEC is active, 

AIMCeHs 
Type value - ^Bxb! 
Length = 53 bytes. 

ATM cells have a fixed length of 53 bytes to which the User, Count and FEC 
may be added as needed. 

Althou^ illustrative embodiments of the invention have been described in 
detail herein with reference to the accompanying drawmgs, it is to bo understood that 
the invention is not limited to these precise embodiments, and that various changes and 
modifications can be effected therein by one skilled in the art without departing ftom 
the scope and spirit of the invention as defined by the appended claims. 
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4. Brief De^crjplion of Dfa^iags 

The above and other objects, features and advantages of the invcntiori wili be 
apparent from the following detailed description of illustrative embodiments which is to 
be read in connection with the accompanying drawings, in which: 

Figure 1 is a schematic diagram of the payload area of an SDTI line; 

Figures 2a to c are schematic cfiag-ama of MPEG 2 TS packets; 

Figure 3 is a schematic diagram of an SDTI payload area divided into slots and 
having a format in accordance with an embodiment of the present invention; 

Figure 4 is a schematic diagram of the payload header structure; 

Figure 5 is a schematic diagram illustrating the correction ofjitter in 
accordance with an embodiment of the present inventicnj 

Figure 6 is a schematic block diagram of a system, in accordance with an 
embodiment of the invention for transmitting MPEG 2 TS packets over an SDTI 
system; 

Figure 7 is a schematic block diagram of an example of the timing data inserter 
and of the timing corrector of the system of Figure 7; 

Figures 8 and 9 are schematic block diagrams of examples of the counters of 
Figure 7; 

Figure 1 0 is a schematic diagram of an SDTI variable block used ia anotiier 
embodiment of the invention; 

Figure 11 is a schematic diagram of a TLD block used in the other embodiment 
of the invention; 

Figure 12 is a schematic diagram showing a hierarchy of SDTI variable blocks 
and TLD blocks used ia the other embodiment of the bvenlion; and 
Figure 13 is a schematic diagram of a TLD compound packet 
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Flgum 1 : Formal of Ibe SDTI-TS Ftx^d Block 



fj7 



bO 



Mf»Ee*2 Transport Simam 
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Figure 2c: fulPEQ^2 Transport S^am Packet with Null FEC Space 
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Figure 4: F^aybsd Header Structure 
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Figure !2HIerarchy of SDTl VariabiB Blocks and TLO Blocks 
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A digital signal comprises, data blocks^ each data block mcluding a header 
ccMitaining data relating to the block and a plurality of slots. Each slot has a slot header 
t:elatmg to the slot and a data packet. The data packets contain successive paxts of 
information from a soiarce. A first slot contains a first packet containing a first part of 
the said information from the source also contains a mference time. The or each 
subsequent slot contains a subsequent packet of the information from the said source 
also timing tofonnatk»i defining the timing of that packet relative to flie leferettcc 
time. 

An encoder wliich encodes such a signal is provided* The corresponding 
decoder is enabled to rarrectly output the packets to allow correct decoding. Absolute 
delay of the packets has no effect on decoding. Jitter ( i.e. variation in the timing of 
the packets relative to each other) may corrupt the decoding. The decoder compares 
the timing infonnation of each packet with an internal clock set by the reference time 
of the first packet and output the packets when the clock time equals the packet time 
thus at least reducing the jitter. 

The data blocks may be SDH fixed length blocks and in a transmission system 
the packets are MPEG 2 TS packets, which are transmitted via an SDTI system. The 
data blocks may be SDTT variable length blocks and the packets may be MPEG2 TS 
packets, ATM cells or Internet Protocol packets* 
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